Automated solid-phase extraction and quantitative analysis of 14 phthalate metabolites in human serum using isotope dilution-high-performance liquid chromatography-tandem mass spectrometry.
Phthalates are industrial chemicals with many commercial applications. Because of their common usage, the general population is exposed to phthalates. A sensitive and selective analytical method is necessary to accurately determine the phthalate levels in serum. We improved our previously developed analytical method to measure nine phthalate metabolites in human serum by automating the solid-phase extraction (SPE) procedure and by including five additional phthalate metabolites: phthalic acid; mono-isobutyl phthalate, a metabolite of di-isobutyl phthalate; mono-(3-carboxypropyl) phthalate, a major oxidative metabolite of di-n-octyl phthalate; and mono-(2-ethyl-5-oxohexyl) phthalate and mono-(2-ethyl-5-hydroxyhexyl) phthalate, two oxidative metabolites of di-(2-ethylhexyl) phthalate. Automation of the SPE eliminated the human variation associated with the manual SPE, thus improving the reproducibility of the measurements. Additional wash steps during SPE produced cleaner extracts and resulted in higher recoveries (80-99%) than the manual SPE method. Furthermore, the automated SPE method allowed for the unattended extraction of samples, with a concomitant increase in sample throughput compared to the manual SPE method. The method is accurate, precise, and sensitive, with limits of detection in the low nanogram-per-milliliter range.